This study investigates the potential change in the hydrologic cycle in Nzoia basin, one ofthe semi-arid basins of east Africa. An ensemble of 16 Global Climate Models data under different emissions scenarios are used in this study. The basin is expected to receive an increase in precipitation in all scenarios; from 5% to 15% by theend of this century compared to the base period 1990-1999. However, a 2 to 5ºC increase in temperature is expected to create an overall drier climate with reduced runoffs. The decadal averaged seasonal trends show that all major hydrological components except the runoff are expected to increase. An increase in temperature, together with more precipitation, could significantly increase actual evapotranspiration, ultimately may result a decrease in runoff by 14% and 18% in the 2020s and 2090s respectively compared to the base period. The elasticity analysis showed that the change in runoff is more sensitive to a change in temperature than precipitation for the 2060s and 2090s; and suggested that temperature will continue to be the dominating factor in future climate. In general, Nzoia will very likely experience a drier climate, further exacerbating the
INTRODUCTION
One of the major concerns of climate change is its impact on water resources. The Intergovernmental Panel on Climate Change's (IPCC's) Fourth Assessment Report cites an overall negative impact of climate change on water resources [1] . Furthermore, an increased stress on water resources from population growth and land-use change is also expected to worsen the impact. By the 2020s about half a billion people could see increased water resources stress as a result of climate change [1, 2] . The severity and extents of such impacts are expected to vary around the world. The annual average river runoff and water availability is expected to increase at high latitudes and in some wet tropical areas while it is expected to decrease over some dry regions at mid-latitudes and in the dry tropics for the middle of the 21st century [3] . Climate change is also expected to exacerbate vulnerability of communities from extreme events like floods and droughts. Areas in which runoff is projected to decline are likely to face a reduction in the value of the services, like irrigation and water supply, provided by water resources. The losses of services and associated risks will have direct and indirect effects on economic development and human wellbeing. It is predicted that by 2050, extreme weather could reduce global Gross Domestic Product (GDP) by 1% and unabated, climate change could cost the world at least 5% in GDP each year [4] .
Climate induced changes in both the seasonal runoff and inter-annual runoff variability can be just as important for water availability as changes in the long-term average annual runoff. A warmer climate is expected to intensify the hydrologic cycle, altering precipitation and the timing of run-off. Air parcels of higher temperatures allow more evaporation to take place; hence the increased evaporation of soil moisture leads to an increase in water vapor content [1, 5] . With more moisture in the atmosphere, rainfall and snowfall events tend to be more intense, increasing the potential for flooding. In contrast, drought occurs due to prolonged lack of precipitation causing soils dry. Any further solar radiation dehydrates the soil. Consequently, efforts to investigate the hydrological cycle and water availability in a changing climate hold great importance to understand the impacts of climate change. The impacts of climate variability manifested in prolonged droughts, floods, unseasonal rains and extreme climatic events create enormous challenges to the countries around the world and especially the developing countries with limited resources [6, 7] . Africa is particularly vulnerable to the effects of climate change, including reduced agricultural production, worsening food security, the increased incidence of both flooding and drought, spreading disease and an increased risk of conflict over scarce land and water resources [4, 8] .Climate has had a significant and negative effect on economic growth in Sub-Sahara Africa [9] . In Kenya alone the drought of 1999-2001 cost the Kenya economy some 2.5 billion dollars [10] . Much of the Sub-Sahara Africa including Kenya has a history of droughts. The drought may deteriorate further as climate change models also indicate the likely increase in drought severity during the 21st century [11] and likely increasing the food insecurity. The food security aspect is more vulnerable in the changing climate as dependence on rain-fed agriculture is prevalent inAfrica. According to the Food and Agriculture Organization of the United Nations as of 2009 only about 5% of the cultivated lands in Africa are irrigated. The disparity in the irrigation provision is also much wider in different parts of Africa. The northern part has about 23% cultivated lands irrigated while this number is only 3% in Sub-Saharan Africa [12] . Overdependence on rain-fed agriculture make these regions more vulnerable to climate change which is further exacerbated by socio-economic factors like poverty and weak capacity to recover from natural hazards. In Nzoia, agricultural areas in 2000 have decreased by about 17% compared to 1986, mainly due to changing weather patterns [13] . The situation is likely to continue over the coming decades as the runoff is expected to decrease along with the land degradation [14] .
Over the past two decades research on climate change and its impacts on water resources have been one of the overarching themes of climate impact studies. Such impacts are either poorly understood or interpreted far too qualitatively in terms of what one can expect from the changing climate to their environment and livelihood. Such studies in marginalized developing regions of the world are greatly needed but unfortunately limited [15, 16] . Discussions on the impacts of climate change in those regions are therefore centered on a very general assumption of cause (low or high precipitation, decrease or increase in temperature etc.) and effect (drier or wetter climate, drought or flooding etc.) of scenario and extrapolation of conditions in the coming decades. Still, the majority of the people in these regions rely more on climate-sensitive natural resources, such as rain-fed agriculture, pastoralism, forestry and wetlands. Furthermore, they have a poor capacity to withstand and recover from storms, floods, droughts, and disease outbreaks naturally or as a result of climate change. This is the motivation for current research. This study intends to fill an existing knowledge gap on the impact of climate change through a case study of the Nzoia basin of Kenya, a vulnerable agricultural region in East Africa. The objectives of this study are to: determine the projected precipitation and temperature change in the basin under three different emissions scenarios: A2, A1B and B1 [17] over the base period of 1990-1999, ascertain anticipated changes over the basins in terms of evapotranspiration and runoff for 2020-2029, 2060-2069 and 2090-2099 compared to the base period of 1990-1999 and assess the changes of water availability in the rain-fed agricultural region.
MATERIALS AND METHODS

Study Area
The Nzoia basin is located at latitudes 34º-36ºE and longitudes 0º03'-1º15'N in Western Kenya and covers an area of about 12,900 km 2 . The basin elevation in the area ranges from 1,100 to 4,000m (Fig. 1) . The basin, with a semi-arid climate, is one of the major contributing sub-basins of Lake Victoria in the East African highlands. Mean annual rainfall varies from 850 to 1,900 mm. The region experiences four seasons due to the inter-tropical convergence zone (ITCZ), however, the local relief and influences of Lake Victoria modify the regular weather patterns. The Nzoia River drains into the Lake Victoria and ultimately to Nile river basin. The Nzoia River is a major source of water for more than three million people in western Kenya. The river also supports agriculture and commercial sectors in the region. This region is an important cereal and sugarcane-farming region of Kenya, producing at least 30% of the national output of both maize and sugar [18] . The Nzoia River basin ecosystem supports not only western Kenya but also the broader Lake Victoria region. Kenya's climatic conditions vary across the regions. A humid tropical climate prevails along the coast of the Indian Ocean and surrounding areas of Lake Victoria while the inlands are arid. The mean temperature varies with elevation. The variation of precipitation is dramatic mainly due to its geographical location. Kenya experiences a bimodal seasonal pattern in precipitation as it lies across the equator: the long rainy season starts around March and runs through to June, with the peak centered on March to May; the shorter rainy occurs from September to November (or December) due to the shift of the Inter-Tropical Convergence Zone. Rainfall is correlated to topography; for example the highest elevation regions receive up to 2,300 mm of rainfall per year while the lower plateau receives only about 320 mm a year. Over two-thirds of the country receives less than 500 mm of rainfall. The annual rainfall generally follows a strong seasonal pattern, with variations being strongest in the dry lowlands of the north and east, but weakest in the humid highlands of the Central and Rift Valley areas. The intensity and spread of the rainfall in each region determines the effectiveness of the rainfall. The average annual temperature ranges from about 10ºC to about 30ºC. Mean temperatures in Kenya are closely related to ground elevation. Annual temperature variations are generally small (less than 5ºC) throughout the country. In the study area of Nzoia basin temperature varies between18 to 21ºC.
Data
The main source of climate data for the study includes precipitation (mm/month) and temperature (ºC) data from the 16 Global Climate Models at 0.5º x 0.5º resolutions, which were made available through the World Climate Research Program's (WCRP) Coupled Model Intercomparison Project 3 (CMIP3) [19] . The data covers the period from 1950 to 2099. The data are available for the A2, A1B and B1 Special Report Emissions Scenario (SRES). There are some recent studies utilizing this product in the United States [20, 21] .Each scenario represents a different prediction of the effects of greenhouse emissions depending on factors such as population growth, economic development and technological change. A2 is the most aggressive, A1B is the balanced and B1 is the most conservative emission scenario over the study basin are extracted for A2, A1B and B1 SRES.
The in-situ data for this study included daily precipitation measurements (1985 the 12 rain gauge stations located within the basin. Also obtained were the daily discharge data (in m 3 /sec) at the basin outlet for the same time period. These daily datasets were accumulated to a monthly scale. For the purpose of this research, the data at the individual stations were averaged over the basin. The monthly temperature in from only one station within the Nzoia basin from the World Meteorological Organization (WMO). The precipitation data from 1985 rainy seasons in Nzoia but a marked rainy season is observable from March to J peaks on April and May. A subdued rain peaks on August, October and November (Fig The observation data for 1985 (Fig. 2b) . The basin average runoff coefficient, which gives the rainfall calculated on the basis of 1985 dryness. The runoff coefficient represents a complex interaction of rainfall with the ground cover and slope, soil moisture and soil types among 
Methodology
Data validation
This study utilized the bias-corrected and spatially downscaled climate projections temperature and precipitation were extracted for the Nzoia basin and further validated with the ground data. A1B and B1 scenarios, the basin average monthly precipitation (mm/month) and monthly temperature (ºC) were first validated with the in was selected based on time periods for which in CMIP3 had underestimated the temperature ( and 7% respectively.
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Each scenario represents a different prediction of the effects of greenhouse emissions depending on factors such as population growth, economic development and technological change. A2 is the most aggressive, A1B is the balanced and B1 is the most conservative emission scenario [17] . The basin average temperature and precipitation over the study basin are extracted for A2, A1B and B1 SRES.
situ data for this study included daily precipitation measurements (1985 the 12 rain gauge stations located within the basin. Also obtained were the daily discharge /sec) at the basin outlet for the same time period. These daily datasets were accumulated to a monthly scale. For the purpose of this research, the data at the individual stations were averaged over the basin. The monthly temperature in-situ data is av from only one station within the Nzoia basin from the World Meteorological Organization ( corrected and spatially downscaled climate projections temperature and precipitation are derived from CMIP3 data [19, 22, 23] First, the CMIP3 data were extracted for the Nzoia basin and further validated with the ground data.
and B1 scenarios, the basin average monthly precipitation (mm/month) and monthly C) were first validated with the in-situ data. The validation period of 1985 was selected based on time periods for which in-situ data are available. It was found that the CMIP3 had underestimated the temperature (Fig. 3 ) and precipitation ( 
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Each scenario represents a different prediction of the effects of greenhouse emissions depending on factors such as population growth, economic development and technological change. A2 is the most aggressive, A1B is the balanced and B1 is the most
The basin average temperature and precipitation data situ data for this study included daily precipitation measurements ) from the 12 rain gauge stations located within the basin. Also obtained were the daily discharge /sec) at the basin outlet for the same time period. These daily datasets were accumulated to a monthly scale. For the purpose of this research, the data at the individual situ data is available from only one station within the Nzoia basin from the World Meteorological Organization 2006 does not show any pronounced bimodal rainy seasons in Nzoia but a marked rainy season is observable from March to June, which peaks on April and May. A subdued rain peaks on August, October and November (Fig. 2a) .
2006 shows the typical tropical climatic pattern in the basin ratio between runoff and 2006 data, is about 0.4, which shows basin's dryness. The runoff coefficient represents a complex interaction of rainfall with the ground others while generating the runoff.
(mm/month) over the Nzoia precipitation and runoff corrected and spatially downscaled climate projections: monthly First, the CMIP3 data were extracted for the Nzoia basin and further validated with the ground data. For the A2, and B1 scenarios, the basin average monthly precipitation (mm/month) and monthly situ data. The validation period of found that the 4) by about 3% As the CMIP3 data is downscaled using gridded (2 another round of bias correction is applied using the observed data of 1985 further improved the downscaled climate projections over the basin (Table 1 and 2). As the CMIP3 data is downscaled using gridded (2 0 x 2 0 ) observed data for 1950 another round of bias correction is applied using the observed data of 1985-2006, which improved the downscaled climate projections over the basin (Table 1 and 2). ) observed data for 1950-1999 [22] 2006, which improved the downscaled climate projections over the basin (Table 1 Before bias correction After bias correction
Bias correction of predicted temperature improved validation indices
Bench marking basin hydrology
The Thornthwaite Monthly Water Balance (TMWB) model basin hydrology. The TMWB model is a robust non monthly temperature (T), monthly total precipitation (P) and latitude (in decimal degree) of the study area [24, 25] . The model selection is base countries in emerging regions have very limited data. TMWB model is one o intensive models and it has proven its utility to analyze monthly hydrology i the world.The model is calibra temperature, precipitation and runoff. During calibration a one used. The quantitative comparison between simulated and observed runoff was done using the percentage bias (Bias) and correlation coefficient (CC) as the main objective in order to best match the total runoff volume generated by the model (simulated) to the observations, with the ideal case having a zero bias within the ba the calibration period. For testing the goodness of fit of simulated runoff the CC was used. The calibrated model for 1990 decade than actual observation. Although the model matches the failed to match the peak over 100 mm/month (Fig in general but the simulated runoff exceeded observed runoff during the wet seasons (Fig  5b) . 
The Thornthwaite Monthly Water Balance (TMWB) model [24, 25] was used to study the basin hydrology. The TMWB model is a robust non-data intensive model requiring only mean monthly temperature (T), monthly total precipitation (P) and latitude (in decimal degree) of . The model selection is based primarily on two factors. Most of the countries in emerging regions have very limited data. TMWB model is one of the non and it has proven its utility to analyze monthly hydrology in different parts of The model is calibrated for 1990-1999 for which the in-situ data is available for temperature, precipitation and runoff. During calibration a one-year warming up period was used. The quantitative comparison between simulated and observed runoff was done using ias (Bias) and correlation coefficient (CC). First, reduction of bias is taken as the main objective in order to best match the total runoff volume generated by the model (simulated) to the observations, with the ideal case having a zero bias within the ba For testing the goodness of fit of simulated runoff the CC was used. The calibrated model for 1990-1999 shows a bias of 10.68%, predicting higher runoff for the decade than actual observation. Although the model matches the runoff volume fairly well, it failed to match the peak over 100 mm/month (Fig. 5a) . The model captured the seasonality in general but the simulated runoff exceeded observed runoff during the wet seasons (Fig   model a) Calibration for the period 1990-1999, b was used to study the data intensive model requiring only mean monthly temperature (T), monthly total precipitation (P) and latitude (in decimal degree) of d primarily on two factors. Most of the f the non-data n different parts of situ data is available for year warming up period was used. The quantitative comparison between simulated and observed runoff was done using . First, reduction of bias is taken as the main objective in order to best match the total runoff volume generated by the model (simulated) to the observations, with the ideal case having a zero bias within the basin for For testing the goodness of fit of simulated runoff the CC was used. 1999 shows a bias of 10.68%, predicting higher runoff for the runoff volume fairly well, it 5a). The model captured the seasonality in general but the simulated runoff exceeded observed runoff during the wet seasons (Fig. 
1999, b) Seasonal
The calibrated model is used to benchmark precipitation (P), potential and actual evapotranspiration (PET and AET) and runoffs (R) for the 1990-1999. The calibrated model and the bias corrected climatic data (Temperature and Precipitation) were then employed to project the states of the hydrological components for the coming decades: 2020-2029 (2020s), 2060-2069 (2060s) and 2090-2099 (2090s). Finally, the basin average decadal and seasonal analyses of the hydrological components (P, AET and R) were conducted to determine the impact of climate change and water availability over the coming decades (2020s, 2060s and 2090s) compared to the 1990s.
RESULTS AND DISCUSSION
Changes in Temperature
The observed temperature shows an increasing trend since the 1990s. This increasing trend is expected to continue as shown by the climate projection data. All scenarios have almost the same rate of increase in mean annual temperature until 2030. Thereafter, for the B1 case, the rate of increase in temperature is less compared to the A2 and A1B scenarios (Fig.  6 ). At the end of the century, for the A2, A1B and B1 emissions scenarios, temperature is expected to increase in the basin by about 4.5, 3.5 and 2ºC, respectively. The seasonal temperature anomaly shows that the month of July and December is expected to witness a maximum change in temperatures in most of the scenarios and time periods. For the 2020s the maximum increment of 3 and 3.6ºC is expected to occur in the month of December for medium to lower emission scenarios respectively. For 2060s and 2090s though, July is projected to witness the highest changes in all emission scenarios often with more than 4ºC (Fig. 6 ).
Changes in Precipitation
The Nzoia basin is expected to receive higher precipitation in the coming decades compared to 1990-1999 (Fig. 7) . There is a marginal decrease in precipitation until the 2030s and almost no change until 2050. Still, the second half of the century is expected to be wetter. Changes in annual precipitation of almost 15, 10 and 5% for the A2, A1B and B1 scenarios are projected by the end of the century. The seasonal precipitation values show that in the 2020s, most of the months are projected to receive less precipitation in all emission scenarios, except for December which is projected to be wetter by 2-12%. In the 2060s, most of the months are wetter in medium (A1B) and high emissions (A2) scenarios except for January and October, but February is projected to be wettest by almost 30% (B1) to 65% (A1B) compared to the base period of the 1990s. In the 2090s, all months are expected to receive more rain, however, December is the wettest in all emissions scenarios, from 50% (B1) to 125% (A1B) (Figs. 7b,7c and 7d ).
Decadal Anomaly in Hydrology
The calibrated model is then used to benchmark the hydrological components for the base period of 1990-1999 and to project their states in the future. The changes expected in short-, mid-and long-term are tabulated below (Table 3a , 3b and 3c). For both the A2 and A1B scenarios, the value of all major components of the hydrologic cycle, except the runoff, are expected to increase in coming decades over the base period of the 1990s. In the A2 scenario, runoff is projected to decrease by about 16% during the 2020s and by about 6% in the 2090s. For the A1B scenario, the runoff is about 16 % less in the 2020s while it is about 10% less in the 2090s compared to the 1990s. The case in the B1 scenario differs slightly. Runoff is projected to be less by about 14% in the 2020s and about 18% less for the 2090s. The situation in the later part of the century is the worst among three scenarios. The basin, as a result, will likely see a decrease in runoff in the coming decades.
Seasonal Anomaly in Hydrology
It is found that for the 1990s, the PET primarily followed the temperature and was lowest for the month of July (67 mm/month) while it was highest for March (79 mm/month). Months from June to September were the coolest months in the Nzoia basin. From April to November, the AET is close to PET while for the rest of the months AET is much less than PET (Table 4 ).
The seasonal anomalies of the key hydrological components for the different scenarios are presented below (Figs. 8,9 and 10). In the A2 scenario, precipitation is almost at the same level as that of the 1990s from January to July, except in the 2090s. During this timeframe, January the 1990s. August and December are expected to 1990s for all decades. A continuous increment of AET over the baseline period of the 1990s is noted so as the increase in temperature and precipitation. In contrast, runoff is projected to reduce from the 1990s level. indicating drier months getting even drier.
Fig. 8. Projected seasonal changes for the major hydrologic components a) Precipitation, b) Temperature, c) AET, and d) Runoff compared to the 1990
As in the A2 scenario, A1B also is expected to receive almost the same seasonal precipitation over the coming decades as that of the 1990s, except in the first half of the year. In the second half of the year though, it is expected to receive higher precip decades. In terms of AET, a continuous increment over the baseline period of the 1990s is expected as in the A2 scenario. Runoff is expected to decrease from the 1990s level as in the A2 scenario. Runoff reduction is highest in the drier mon In the case of the B1 scenario, the 2090s show increasingly wetter trends in precipitation, except during May-June, which is expected to see no change in precipitation through all three decades. No change in precipitation is project projected to be drier in June, September and October. AET is expected to increase continuously over the baseline period of the 1990s as a result of a rise in temperature and availability of more precipitation as in the A projected to reduce from the 1990s level. Runoff reduction is highest in the drier months as in A2 (Fig. 10) .
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In the A2 scenario, precipitation is almost at the same level as that of the 1990s from January to July, except in the 2090s. During this timeframe, January-March was wetter than the 1990s. August and December are expected to receive higher precipitation than the 1990s for all decades. A continuous increment of AET over the baseline period of the 1990s is noted so as the increase in temperature and precipitation. In contrast, runoff is projected to reduce from the 1990s level. Runoff reduction is highest in the drier months (Fig. 8) indicating drier months getting even drier. As in the A2 scenario, A1B also is expected to receive almost the same seasonal precipitation over the coming decades as that of the 1990s, except in the first half of the year. In the second half of the year though, it is expected to receive higher precip decades. In terms of AET, a continuous increment over the baseline period of the 1990s is expected as in the A2 scenario. Runoff is expected to decrease from the 1990s level as in the A2 scenario. Runoff reduction is highest in the drier months as in A2 (Fig. 9 ).
In the case of the B1 scenario, the 2090s show increasingly wetter trends in precipitation, June, which is expected to see no change in precipitation through all three decades. No change in precipitation is projected for the 2060s, but the 2020s are projected to be drier in June, September and October. AET is expected to increase continuously over the baseline period of the 1990s as a result of a rise in temperature and availability of more precipitation as in the A2 and A1B scenarios. In contrast, runoff is projected to reduce from the 1990s level. Runoff reduction is highest in the drier months as (1): 67-85, 2013 
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In the A2 scenario, precipitation is almost at the same level as that of the 1990s from March was wetter than receive higher precipitation than the 1990s for all decades. A continuous increment of AET over the baseline period of the 1990s is noted so as the increase in temperature and precipitation. In contrast, runoff is projected Runoff reduction is highest in the drier months (Fig. 8 ) As in the A2 scenario, A1B also is expected to receive almost the same seasonal precipitation over the coming decades as that of the 1990s, except in the first half of the year. In the second half of the year though, it is expected to receive higher precipitation in all decades. In terms of AET, a continuous increment over the baseline period of the 1990s is expected as in the A2 scenario. Runoff is expected to decrease from the 1990s level as in In the case of the B1 scenario, the 2090s show increasingly wetter trends in precipitation, June, which is expected to see no change in precipitation through all ed for the 2060s, but the 2020s are projected to be drier in June, September and October. AET is expected to increase continuously over the baseline period of the 1990s as a result of a rise in temperature and 2 and A1B scenarios. In contrast, runoff is projected to reduce from the 1990s level. Runoff reduction is highest in the drier months as For Nzoia, in all emission scenarios, AET is projected to increase substantially in the drier season compared to the wetter season. The increase in the AET trend is driven mainly by higher temperature and precipitation. In general, an increase in seasonal precipitation is projected in all decades, but the runoff is expected to decrease. The decrement is very high in March and is less in August. In the A2 scenario for the 2090s, April, November and December are expected to receive much higher precipitation compared to the 1990s. Along with the increase in temperature, AET is also predicted to increase, subsequently reducing runoff and low water availability for consumption, which may potentially cause drought in the region.
Seasonal Anomaly in Runoff
To assess the surface water availability (i.e. runoff), from the above findings, seasonal streamflow plots were introduced for the short-and long-terms (2020s and 2090s, respectively) under the high A2 and low B1 emissions scenarios (Fig. 11) . In general, a reduction in water availability is expected both in the short-term (2020s) and long-term (2090s) in all months irrespective to the emissions scenarios. In the short-term (2020s), the first half of the year expected to see higher reduction in runoff ranging from -14 to -40 % in both emissions scenarios, A2 and B1. With a slight increase in the precipitation projection for the long term (2090's) though, the B1 scenario remains high, with a range of -14% to -35% over the year. In the A2 scenario however, the runoff differs from the baseline period, ranging from 4 to -18%, which is much different from the higher precipitation projection from B1.In both cases though, it shows that the reduction in the water availability is expected to occur during the long rainy seasons in Nzoia, which may hamper the irrigation and cropping practices in the region.
Climate Elasticity of Runoff
One way to evaluate the sensitivity of climate change impact on water availability is to understand the elasticity of runoff (R) to changes in climate variables such as precipitation (P) and temperature (T) [26, 27] .
The change in runoff is normalized by the change in precipitation (eq. 1) and temperature (eq. 2) respectively.
Where, ܴ ௦ , ܲ ௦ , ܶ ௦ are the average monthly runoff (mm/month), precipitation (mm/month), and temperature (ºC) respectively for the 1990s based on observation data.
ܴ ௪ , ܲ ௪ , ܶ ௪ are the average monthly runoff (mm/month), precipitation (mm/month) and temperature (ºC) respectively. These are modeled results for the 2020s, 2060s and 2090s using GCM and Thornthwaite model projections as described in section 2.
Equations (1) and (2) are used to analyze the change in runoff with the unit change in P and T. Table 5 shows that the change in runoff is more sensitive to a unit change in temperature than to a unit change of the precipitation in Nzoia, especially for the medium and long-term such as the 2060s and 2090s, which confirms the Nzoia as a temperature dominated basin and the increase in temperature will be the controlling factor for a future drier environment.
Still, for the short-term 2020s, marginal reduction in precipitation has caused a high ߝ compared to that of ߝ ் . The ߝ value for the B1 scenario is exceptionally high compared to A2 and A1B, which could be an outlier due to the very small change of P. In the 2060s and 2090s, ߝ are found to be varying from -4.27 to -0.17 while ߝ ் varies from -5.40 to -0.91 mm/ 0 C, showing that the sensitivity of the runoff attributes more to the increased unit temperature than to the increased unit precipitation in the later part of the 21 st century. 
CONCLUSION
The Nzoia River basin ecosystem supports not only western Kenya but also the broader Lake Victoria region. This study identified some of the possible impacts on water availability and hydrology of the basin. The Nzoia climate projection clearly shows an overall increase in temperature and precipitation in all scenarios by the end of this century. As expected, the highest emission scenario projects a percentage increase in precipitation of about 15% while it is about 5% for the lowest emission scenario. Still, the 2 to 5ºC increase in temperature, depending on the emission scenarios, is going to create an overall drier climate with reduced runoffs in the basin. The first half of the current century is projected to be slightly drier than the 1990s. The later part of the century is expected to receive more precipitation than the 1990s, but the much higher increase of temperature in the second half of the century is likely going to create a drier climate due to higher evapotranspiration.
Compared to the base period of the 1990s, the seasonal trend also shows that all major hydrological components, except the runoff, are expected to increase over the coming decades in all three emissions scenarios. Higher precipitation along with an increase in temperature is projected to intensify the actual evapotranspiration. The significant changes in actual evapotranspiration resulted in a lower runoff, even with the higher precipitation over the basin under the high emission scenario. For A2, the runoff is projected to decrease by about 17% during the 2020's while during the 2090's, marginal improvement will occur compared to the 2020s as runoff will be about 7% less. The case in the lower emission scenario is slightly different than the other two scenarios where runoff decreases continuously, from 14% less during the 2020s to 18% less during the 2090s. The climate elasticity of the runoff analysis also found that for the later part of the 21 st century, runoff tends to be more sensitive to the higher temperature than precipitation.
The projection for precipitation and temperature shows similar trends with other studies conducted in the Nzoia basin. However, it should be noted that those studies did not look into other components of the hydrologic cycles such as runoff and AET. This study projected an overall drier climate with less runoff in the future, compared to 1990s levels, potentially impacting the domestic water supply, agriculture and overall environmental sustainability of the Nzoia basin. The main planting season in western Kenya is during the long-season rains between mid-February and mid-April. Any decrease in runoff or surface water availability, which is the very likely situation as a result of climate change, is expected to negatively impact the production of crops and potentially threaten the food security in the region.
